The ␤-subunit of human chorionic gonadotropin (hCG) is encoded by four genes, of which expression of the hCG␤-3, -5, and -8 genes could have prognostic value in breast cancer. Methods: Applying a new, modified Molecular Beacon reverse transcription-PCR assay, we investigated the prognostic value of the hCG␤-3, -5, and -8 gene transcripts in 129 sporadic unilateral breast cancer samples from patients with a median follow-up of 62.3 months. Results: Expression of hCG␤-3, -5, -8 was significantly (P ‫؍‬ 0.020) associated with relapse-free survival (RFS). In multivariate survival analysis, hCG␤-3, -5, and -8 maintained prognostic value for RFS, with high expression predicting shorter RFS (P ‫؍‬ 0.015; hazard ratio, 2.25; 95% confidence interval, 1.17-4.34). Only 1 of 24 (4%) node-negative patients with low hCG␤-3, -5, -8 expression relapsed, in contrast to 7 of 26 (27%) patients with high expression (P ‫؍‬ 0.046). Conclusions: Expression of hCG␤-3, -5, -8, which differ by only one nucleotide from other hCG␤ genes, can be assessed by our modified Molecular Beacon assay in breast cancer tissues. Expression of hCG␤-3, -5, -8 has independent, prognostic value for RFS in breast cancer and may help identify node-negative patients with poor prognosis.
treatment to improve the predicted outcome in others. The identification of new genes and gene products that can serve as prognosticators in breast cancer may improve the prediction of tumor behavior and may help to reveal molecular events associated with malignant transformation.
Serum human chorionic gonadotropin (hCG) 4 is widely used as a marker for the presence of tumor mass and/or efficacy of therapy in patients with trophoblastic or testicular malignancies (1, 2 ) . Other malignancies, such as bladder (3, 4 ) , pancreatic, and cervical carcinomas (3 ) and prostate (5, 6 ) and breast cancer (7) (8) (9) (10) , also express hCG. This hormone is one of a family of related glycoproteins that includes luteinizing hormone, follicle-stimulating hormone, and thyroid-stimulating hormone. All of these glycoproteins share the same ␣-subunit, but their specificity is conferred by the ␤-subunit. Remarkably, the ␤-subunit of hCG is encoded by four genes: hCG␤-3, -5, -7, and -8, located on chromosome 19q13.3 in close proximity to hCG␤-1 and -2 and the highly homologous gene for luteinizing hormone. The latter was originally designated hCG␤-4 (11 ) . hCG␤-1 and -2 are considered pseudogenes. All other genes encode an identical protein, hCG␤, with the exception that the hCG␤-7 gene encodes an alanine (GCC) at position 117 compared with an aspartic acid (GAC) encoded by hCG␤ genes -3, -5, and -8. The hCG␤-7 gene is reportedly the only gene expressed in several nontransformed tissues. The hCG␤-3, -5, and -8 genes are variably expressed in placental and malignant tissue such as thyroid, prostate, bladder, and breast cancer (8 ) , but not in noncancerous tissues of these organs. The presence or absence of these hCG␤ transcripts was found to have independent prognostic value in breast cancer (9 ) .
The highly conserved sequences of these genes make it difficult to differentiate among transcripts expressed by the different hCG␤ genes. Earlier studies used restriction fragment length analysis (12 ) or nested PCR with primers that differ in one nucleotide at the 3Ј end (8, 9 ) to differentiate between these transcripts. Recently, we described an assay, modified from the Molecular Beacon principle described by Tyagi and Kramer (13 ) , that was highly specific for the hCG␤-3, -5, -8 transcripts (6 ). This modification of Molecular Beacons was later designated "shared stem molecular beacon" by another group (14 ) . With this assay, we aimed to measure the diagnostic accuracy of hCG␤-3, -5, -8 expression in 129 breast cancer specimens and to assess whether the reported prognostic value of the presence of these transcripts (9 ) persisted when assessed quantitatively in a separate patient group.
Patients and Methods patients
On the basis of the availability of frozen tissue in our tumor bank, we selected a series of 129 women with unilateral, operable breast cancer who underwent resection of their primary tumor between November 1987 and December 1997. This bank contains frozen tumor tissue of patients with breast cancer from five different hospitals of the Comprehensive Cancer Center East in The Netherlands because estrogen (ER) and progesterone receptor (PgR) concentrations measurements for these hospitals were centrally performed in our hospital. The clinical data were retrospectively collected. Patients had no previous diagnosis of carcinoma, no distant metastases at time of diagnosis, and no evidence of disease within 1 month after primary surgery. In addition, patients receiving neoadjuvant therapy or with carcinoma in situ only were excluded. The median age was 57.2 years (range, 30.7-88.3 years). Patients underwent modified radical mastectomy (n ϭ 103) or a breast-saving procedure (n ϭ 26), followed by radiotherapy in 83 patients. A resection was considered complete when there were no tumor cells in the inked border of the histologic section. In case the margin was not free, a re-resection or breast ablation was performed whenever possible or additional radiotherapy was given. Lymph node involvement was found in 74 patients. Subsequent systemic adjuvant therapy (34 endocrine therapy, 10 chemotherapy, 15 both) was given based on the established clinical evaluation criteria of that time. The median follow-up time was 62.3 months (range, 1.2-164.3 months). Patients were seen (history, physical examination, routine laboratory investigations) once every 3 months during the first 2 years, once every 6 months for 5 years, and once a year thereafter. Once a year, x-ray mammography was performed. During follow-up, 43 patients had a recurrence (4 local, 2 regional, and 37 distant metastases), and 32 patients died (27 confirmed breast cancer-related, 5 unknown). Contralateral breast cancer or second malignancies were not considered as recurrent disease.
tissue processing
After primary surgery, a representative part of the tumor was selected by a pathologist, frozen in liquid nitrogen, and sent to our department for routine estrogen receptor (ER) and progesterone receptor (PgR) ligand binding assays as recommended by the European Organization for Research and Treatment of Cancer (EORTC) (15 ) . Tissue aliquots were pulverized by a microdismembrator (Braun) and kept in liquid nitrogen until RNA isolation. Total RNA was isolated from 20 mg of tissue powder with use of the RNeasy Mini reagent set (Qiagen) with oncolumn DNase-I treatment. The quality of the RNA was checked by examining ribosomal RNA bands after agarose gel electrophoresis and by amplifying ␤-actin as a control (see below). RNA concentrations were determined from the absorbance at 260 nm (Genequant; Amersham). We found no association between RNA degradation or concentration and length in storage.
reverse transcription Purified total RNA (1.0 g) was denatured for 10 min at 70°C and immediately cooled on ice. Reverse transcription was performed with the Reverse Transcription System (Promega Benelux B.V.) according to the manufacturer's protocol. After annealing of random hexamers for 10 min at 20°C, cDNA synthesis was performed for 60 min at 42°C, followed by an enzyme inactivation step for 5 min at 95°C.
molecular beacon design
A probe (5Ј-FAM-cgc ttc cag gac tcc aag cg-TAMRA-3Ј, where FAM is 6-carboxyfluorescein and TAMRA is 6-carboxytetramethylrhodamine) that specifically annealed with transcripts from the hCG␤-3, -5, and -8 genes was designed essentially according to the guidelines for Molecular Beacons described by Tyagi and Kramer (13 ) . However, to obtain a smaller loop sequence, only one arm (shown in italics in the sequence above), complementary to five nucleotides at the 5Ј end of the hCG␤ sequence, was attached 3Ј (6, 14 ) . This produced a Molecular Beacon-type probe with excellent specificity for hCG␤-3, -5, and -8 mRNA without interference by transcripts from the hCG␤-7 or luteinizing hormone genes (6 ) . PCR primers were designed with use of the Primer Express Software (PE Applied Biosystems). Primers were from Biolegio, and the probe was from PE Applied Biosystems.
generation of specific calibrators
Specific calibrators for hCG␤-3, -5, -8 and hCG␤-7 were generated by primer-mediated mutagenesis. PCR amplification of hCG␤ in the choriocarcinoma cell-line JAR was performed with the following primers: 5Ј-cac ccc ttg acc Clinical Chemistry 49, No. 7, 2003 tgt gat gac ccc cgc ttc cag ga/cc tcc t-3Ј and 5Ј-gcc taa ctc ttc gga aat aac a-3Ј (the bold nucleotides represent nucleotides that differ between calibrators). PCR products were cloned into pCR 2.1-TOPO in DH5␣ cells with the TOPO-TA cloning reagent set (Invitrogen). Sequences were confirmed by cycle sequencing (AbiPrism 3700; PE Applied Biosystems) with M13 forward and reverse primers. Plasmids were linearized using BspHI, quantified spectrophotometrically, and diluted to 10 7 copies/L.
pcr
All PCRs were carried out in TaqMan Universal PCR master mixture (PE Applied Biosystems) with 500 nM each primer and 200 nM probe in a final volume of 25 L. ␤-Actin was amplified with use of Pre-Developed Assay Reagents (PE Applied Biosystems). hCG␤-3, -5, -8 and ␤-actin were amplified in a ABI Prism 7700 Sequence detection system (PE Applied Biosystems), with denaturation at 95°C for 10 min and 40 cycles of 15 s at 95°C (melting) and 60 s at 58°C (annealing and elongation). Unknown samples were quantified against a calibrator containing 10 6 -10 copies/reaction for hCG␤-3, -5, -8 and ␤-actin.
statistical analyses
The clinical data were collected by an experienced epidemiologist (P.M.), all PCRs were performed by an experienced technician (J.J.T.M.H.), and statistical analyses were done by P.N.S.; all were blinded for other information. All measurements were performed blinded for clinical outcome. Statistical analyses were carried out with SPSS 10.0.5 software (SPSS Benelux BV). Differences in hCG␤-3, -5, -8 expression in samples divided in established categories were assessed with nonparametric Mann-Whitney U-tests or the Kruskal-Wallis test where appropriate. To analyze relationships between hCG␤-3, -5, -8 expression and various classic indices, we calculated two-sided asymptotic Pearson 2 values. Relapse-free survival (RFS) time (defined as the time from surgery until biopsyconfirmed diagnosis of recurrent disease) and overall survival (OS) time (defined as the time between date of surgery and death by any cause) were used as follow-up indices. Survival curves were generated using the method of Kaplan and Meier (16 ) . Equality of survival distributions was tested using log-rank testing. The Cox proportional hazards model was used to assess the prognostic value of hCG␤-3, -5, -8 expression in addition to established factors that contributed to survival in univariate analysis (17 ) . Two-sided P values Ͻ0.05 were considered statistically significant. Cases with Ͼ96 months of follow-up were censored at 96 months because of the rapidly decreasing number of patients thereafter.
Results

␤-actin as housekeeping gene
In a preliminary study, we assessed the concurrent associations of 13 different housekeeping genes in 20 different breast cancer samples. ␤-Actin was one of several genes that showed constant expression and was thus considered well suited for use as the housekeeping gene in the present study (results to be presented in detail elsewhere). We therefore normalized hCG␤-3, -5, -8 expression against ␤-actin expression. hCG␤-3, -5, and -8 mRNA concentrations in breast cancer tissues The ratios of hCG␤-3, -5, -8 to ␤-actin in 129 breast cancer tissues ranged from 0 to 5.3 ϫ 10 Ϫ2 (median, 4.2 ϫ 10 Ϫ4 ). Nineteen (14.7%) samples showed no discernable amplification after 40 rounds of PCR. The hCG␤-3, -5, -8/␤-actin ratios were examined for association with established clinicopathologic indices, as summarized in Table  1 . The hCG␤-3, -5, -8/␤-actin ratios were borderline significantly (P ϭ 0.050) associated with ER status, with ER-positive tumors exhibiting lower hCG␤-3, -5, -8/␤-actin ratios. We found no other associations.
hCG␤-3, -5, -8 expression and outcome
In the group of 129 breast cancer patients, 43 patients had a recurrence during follow-up. At the time of analyses, 32 patients had died. To assess the association between hCG␤-3, -5, -8 expression and outcome, hCG␤-3, -5, -8/␤-actin ratios were divided into equal sample sizes, i.e., at the median cutoff of 4.2 ϫ 10 Ϫ4 . We assessed the relationships between these dichotomized hCG␤-3, -5, -8 values and the clinicopathologic indices (Table 2) and found no significant associations with established indices.
At the median cutoff of 4.2 ϫ 10 -4 , hCG␤-3, -5, -8/␤-actin ratios had prognostic significance for RFS (Fig. 1A) . In univariate analysis, only nodal status (P ϭ 0.0007), size ; dashed line) hCG␤-3, -5, -8/␤-actin ratios.
(A), total group of 129 breast cancer patients; (B), node-negative subset of patients (n ϭ 50). The number of patients at risk at a certain time point is shown at the bottom of each panel. of the tumor (P ϭ 0.0391), and hCG␤-3, -5, -8/␤-actin ratios (P ϭ 0.0203) were significantly associated with RFS in this group of breast cancer patients (Table 3) . Patients whose tumors had low hCG␤-3, -5, -8 mRNA concentrations had a mean RFS time of 78.8 months, whereas patients with tumors with high concentrations had a mean RFS time of 64.1 months (Fig. 1A) . At the median cutoff value, hCG␤-3, -5, -8 mRNA concentrations did not show a statistically significant prediction for OS (P ϭ 0.4525; Table 3 ). In Cox regression multivariate analysis (Table 3) with nodal status and tumor size, hCG␤-3, -5, and -8 maintained their prognostic value for RFS, with values Ն 4.2 ϫ 10 Ϫ4 predicting shorter RFS (P ϭ 0.015; hazard ratio, 2.25; 95% confidence interval, 1.17-4.34). In multivariate analysis, only nodal status was statistically significant in predicting OS (Table 3) .
The association of hCG␤-3, -5, -8 expression with prognosis of RFS was investigated in the subset of patients with node-negative disease in our group (n ϭ 50). At the median cutoff for the total group, we found a significant (P ϭ 0.0462) difference in prognosis despite the low number of events (n ϭ 8) in this group. Only 1 of 24 (4.1%) node-negative patients with low hCG␤-3, -5, -8 expression eventually relapsed, in contrast to 7 of 26 (26.9%) with high expression (Fig. 1B) .
Discussion
In this study, we show that the malignancy-associated hCG␤-3, -5, -8 transcripts have independent prognostic value for RFS in sporadic breast cancer patients. These results concur with and confirm an earlier study in 99 primary breast cancers in which a qualitative assay was used to assess the expression of these transcripts (9 ) . In both the present study and that from Bièche et al. (9 ) , no association with other established clinicopathologic indices was found. Thus, establishing hCG␤-3, -5, -8 expression values in the primary tumor can identify a group of breast cancer patients who are at higher risk for recurrence of the disease.
The role of hCG in cancer prognosis has been related to its protective effect of the fetoplacental unit against the immune system during pregnancy (18 ) . The involvement of hCG in recurrence of disease reported here could also be related to its stimulatory effect on estradiol formation in breast cancer (19 ) , by which hCG expression could lead to autocrine induction of increased growth of hormonesensitive cancer cells or refractoriness to estrogen ablation treatment. Alternatively, gonadotropins have been found to induce vascular endothelial growth factor production in ovarian cancer (20 ) and thus indirectly stimulate angiogenesis. In our group of patients, however, we found no association of hCG␤-3, -5, -8 expression and vascular endothelial growth factor mRNA or protein (data not shown). Remarkably, of the four functional genes encoding the hCG ␤-subunit (11 ), the hCG␤-7 gene encodes an alanine (GCC) at position 117 as opposed to an aspartic acid (GAC) encoded by the hCG␤ -3, -5, and -8 genes. The latter genes are reportedly involved in malignant transformation (8 ) . Healthy breast tissue expresses only hCG␤ subunits from the hCG␤-7 gene (8, 9 ) , and total hCG␤ expression has no prognostic value (21 ) . With the assay described here, we could confirm that healthy breast tissue did not express hCG␤-3, -5, or -8 transcripts in samples obtained from cytoreductive surgery (not shown) and confirm the reported prognostic value of the hCG␤-3, -5, and -8 genes. Considering the small difference in protein sequence, it is unclear why the hCG␤-3, -5, and -8 genes are specifically associated with malignancy and should have prognostic value for RFS in breast cancer. Possibly, the expression of this subset of hCG␤ genes is regulated by factors that are also involved in the expression of genes associated with recurrence of breast cancer.
One candidate factor is Ets-2, a member of the Ets transcription factor family, which is characterized by a common DNA-binding domain (22 ) . Ets-2 is infrequently up-regulated in prostate cancer (23 ) , as is hCG␤-3, -5, -8 expression (6, 8 ) . The Ets-2 gene resides on chromosome 21 and is duplicated in Down syndrome (trisomy 21). In Down syndrome, placental hCG␤-5 expression is upregulated (24 ) , possibly because of duplication of the Ets-2 gene (25 ) . Ets-2 is involved in protein kinase A-stimulated hCG␤-5 expression (25 ) and is also involved in urokinase-type plasminogen activator and matrix metalloprotease-9 gene expression (26 ) . Urokinase-type plasminogen activator and matrix metalloprotease-9 are matrix-degrading enzymes with prognostic value in breast cancer (27, 28 ) .
Another possibility is promoter methylation patterns. Overall DNA methylation is decreased in breast carcinomas, playing a potentially important role in tumor development (29 ) . The same holds true for the hCG␤ locus on 19q13.3 in the placenta and choriocarcinoma (30 ) . These tissues reportedly express only hCG␤-3, -5, and -8 (8 ) , suggesting that hypomethylation of this site leads to preferential expression of the hCG␤-3, -5, and/or -8 genes. Thus, the prognostic value of hCG␤-3, -5, -8 expression could be an indication of the state of DNA hypomethylation rather than a direct effect of hCG␤-3, -5, and -8 protein on disease outcome. Indeed, several studies have indicated that in prostate cancer, in which expression of hCG␤-3, -5, or -8 does not occur on malignant transformation (6 ), DNA hypermethylation is a frequent mechanism leading to inactivation of key regulatory genes such as E-cadherin, -class glutathione S-transferase, the tumor suppressors CDKN2 and PTEN, and insulin-like growth factor-II [for a review, see Ref. (31 ) ]. However, overall, global DNA hypomethylation could also play an important role in prostate cancer progression (32 ) . To the best of our knowledge, the extent of DNA methylation at the hCG␤ locus in breast or prostate cancer is not known.
To differentiate between the two types of gene transcripts, authors of previous studies used nested PCR, with a total of 50 amplification rounds, and fluorescently labeled primers that differed in their 3Ј nucleotides (9 ) . Such an assay could be very sensitive but prone to false positives because the high degree of amplification. Furthermore, the specificity of allele-specific primers differing in one nucleotide is difficult to assess, especially for primers with a 3Ј adenosine (33 ) . The assay used in the current study has the benefits of real-time fluorescence reverse transcription-PCR, i.e., the assay is linear over a wide range of template concentrations. Furthermore, because of the closed-tube format, these assays are much less sensitive to false positives than previous reverse transcription-PCR assays. Finally, a probe, modified from the Molecular Beacon principle of Tyagi and Kramer (13 ) , was devised that is highly specific for the hCG␤-3, -5, and -8 transcripts (6 ) . The assay used in the current study thus is quantitative, sensitive, specific, and linear over a wide range of template concentrations. The fact that both assays yield similar results demonstrates the validity of this finding with respect to the prognostic value of hCG␤-3, -5, -8 expression in breast cancer.
It is of critical importance to identify the 30% of breast cancer patients with node-negative disease whose disease eventually will progress despite a relatively good prognosis based on the nodal status (34 ) . If these patients could be identified, they could be treated with more aggressive therapy to prevent relapse, whereas the other 70% could be spared unnecessary treatment. Here we show that in the small subset (n ϭ 50) of node-negative patients in our group, hCG␤-3, -5, -8 expression has prognostic value for RFS. Only 1 of 24 patients with low hCG␤-3, -5, -8 expression relapsed as opposed to 7 of 26 patients with high expression. However, we assessed only a small group of patients, and the low number of events (n ϭ 8) that occurred during follow-up in these patients, associated with their good prognosis, impaired the significance of this finding. A larger group of patients, with possibly longer follow-up to assure a sufficient number of events, is necessary to confirm these preliminary results.
In summary, we show here that information on the expression of particular hCG␤ genes in the primary tumor offers independent prognostic information on the RFS of breast cancer patients. Sensitive methods such as realtime, fluorescent reverse transcription-PCR are becoming more readily available. Robust standardization and technical validation is necessary for these techniques to be introduced for patient or treatment selection. The finding, however, of new genes with prognostic value, such as the hCG␤-3, -5, and -8 genes reported here, may shed more light on the epigenetic events associated with malignant transformation.
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